Introduction {#j_jomb-2018-0015_s_001}
============

Enzyme uridine diphosphate-glucuronosyl transferase 1A1 (UGT1A1) is responsible for bilirubin conjugation with glucuronic acid, inducing water solubility of bilirubin and allowing urine excretion of the bilirubin-glucuronide conjugates ([@j_jomb-2018-0015_ref_001]). Numerous enzymes from UGT family catalyze glucuronidation of xenobiotics, mutagens, and reactive metabolites, acting as indirect antioxidants. Published data have also demonstrated anti-inflammatory and antioxidant functions of its substrate bilirubin ([@j_jomb-2018-0015_ref_002], [@j_jomb-2018-0015_ref_003]). The pre sen ce of genetic variations in *UGT1A1* gene en coding UGT1A1 enzyme cause alteration of the enzyme leading to reduced activity. These genetic variations in *UGT1A1* gene are the most common cause of mild hereditary intermittent unconjugated hyperbilirubinemia-Gilbert syndrome (GS) ([@j_jomb-2018-0015_ref_004]). The in sertion of thymine-adenine (TA) repeats in the pro moter region (wild type consists of 6 TA repeats), reduces gene transcription by 67--82%, with sub sequent reduction of enzyme activity by 20--30% ([@j_jomb-2018-0015_ref_005]). *UGT1A1*\*28 variant allele contains 7 TA repeats, and individuals with GS possess 7/7 homozygous genotype with two *UGT1A1*\*28 alleles. Although GS is considered a benign condition, new pharmacogenetic discoveries have shown that certain *UGT1A1* alleles are responsible for adverse outcomes and higher risks for breast and colorectal cancer due to decreased detoxification of carcinogens. Higher risks for severe drug reactions (irinotecan, nilotinib, pazopanib, belino stat, atazanavir) have been documented in patients with certain homozygous *UGT1A1* alleles and reduced enzyme activity ([@j_jomb-2018-0015_ref_005], [@j_jomb-2018-0015_ref_006], [@j_jomb-2018-0015_ref_007], [@j_jomb-2018-0015_ref_008], [@j_jomb-2018-0015_ref_009], [@j_jomb-2018-0015_ref_010]). Pretreatment pharmacogenomic testing can greatly assist in individualizing therapy and might prompt special caution /different treatment options, due to a higher risk of side effects such as jaundice, diarrhea and neutropenia ([@j_jomb-2018-0015_ref_011]). Other *UGT1A1* genetic variants were also studied as a possible prognostic markers in chronic hepatitis B infection and predictors of onset of hepato cellular carcinoma in chronic hepatitis C (CHC) ([@j_jomb-2018-0015_ref_012]).

Prevalence of GS varies worldwide, estimated in 5--16% European blood donors, but as many cases are unsymptomatic and undiagnosed, true pre valence is probably much higher ([@j_jomb-2018-0015_ref_013]). Although considered a mild condition, there is very little data about GS in chronic liver disease, especially in CHC, including interpretation of bilirubin levels in co njun ction with other liver-injury markers and clinical features.

Published data concerning the epidemiology of CHC in Serbian population show that estimated seroprevalence is higher than in most of the developed European countries, approximately 0.19% and that genotypes 1b and 3a are predominate ([@j_jomb-2018-0015_ref_014], [@j_jomb-2018-0015_ref_015]). In our country, pegylated interferon and ribavirin have been available since 2003. with high treatment success rates. However we have observed in our clinical practice, supported by published data from foreign authors, that liver-related morbidity and mortality is still high in patients with severe baseline liver damage in spite of achieving sustained virologic responce (SVR) ([@j_jomb-2018-0015_ref_016], [@j_jomb-2018-0015_ref_017], [@j_jomb-2018-0015_ref_018]). This particular group of patients has not been evaluated in our souroundings so far. Due to the fact that along with hepatitits C virus, both genetically determined factors and oxidative stress play an important role in liver fibrosis and CHC pathogenesis, there is a question of importance of *UGT1A1* genetic variants as a possible prognostic and therapeutic markers.

Aim of this study was to analyze *UGT1A1* TA repeats promoter genotypes frequency in healthy blood donors and study group of patients with severe liver injury caused by CHC. The second aim was to examine possible association of *UGT1A1*\*28 genotype with the degree of liver fibrosis, viremia and biochemical markers in patients who successfuly under went combined antiviral treatment. In order to examine a possible predictive relevance of *UGT1A1*\*28 genotype beyond treatment response and SVR, we particularly examined a group of patients with severe fibrosis and cirrhosis who had detectable viraemia in spite of successful treatment.

Materials and Methods {#j_jomb-2018-0015_s_002}
=====================

The study was performed at the referral center -- the Hepatology Department of the Clinic for Infectious and Tropical Diseases, Medical Faculty of Belgrade, Clinical Center of Serbia. It included 84 subjects- study group of 42 patients with CHC and 42 healthy blood donors as a control group. The study group was a small part of a long-term follow-up study of a cohort of 325 patients with severe baseline liver damage caused by CHC, who received antiviral treatment and/or retreatment with pegylated interferon and ribavirin between 2003. and November 2015. We contacted patients from this large cohort, who had successfully undergone antiviral treatment and achieved SVR, for a reevaluation during March-July 2017, including clinical examination, fibroscan, virology, liver and genomic biomarkers. Among patients who responded, 42 individuals fulfilled inclusion criteria and gave consent for participation. Two patients from this group had been retreated during mentioned time period and achieved SVR after retreatment, so they were also recruited. The baseline pretreatment data obtained from patient files, included demographic and epidemiological data, clinical findings, laboratory tests and liver histology, before commencement of antiviral treatment, and regular clinical examinations every 6 months including laboratory tests (hematological, biochemical and virology), imaging (ultrasonography yearly in all patients and fibroscan) and upper gastrointestinal endoscopy (in patients with cirrhosis). Among 42 patients who were regruited, 9 had previously been tested during follow-up and were already known to have virologicaly relapsed, in spite of achieving SVR.

The inclusion criteria for the study group of patients were: patients with a confirmed CHC infection by polymerase chain reaction (PCR) and advanced fibrosis or cirrhosis (METAVIR score \>F2) who underwent a complete antiviral treatment and achieved SVR and gave consent for participation. The exclusion criteria for study group were: age (subjects younger than 16 or older than 65 years), mild liver damage on liver histology (METAVIR \<2), coinfections (hepatitis B, HIV), other liver diseases (Wilson's disease, haemochromatosis, autoimmune hepatitis, primary biliary cirrhosis, baseline decom pensated liver cirrhosis and hepatocellular carci noma), severe comorbidities (decompensated cardiomyopathies, thyroid dysfunctions, autoimmune diseases, epilepsy, depression, severe neutropenia and thrombocytopenia), active usage of narcotics and alcohol, pregnancy. The study protocol was designed in con for mance with the Declaration of Helsinki ethical guidelines and was approved by the Ethical Committee of Belgrade School of Medicine.

The degree of fibrosis was assessed at baseline, using both non-invasive (FibroScan, Echosens, Paris, France) and invasive diagnostic methods (aspiration liver biopsy, Institute for pathology, Belgrade School of Medicine), and METAVIR score was used to mark necroinflammatory activity of the liver. Viral loads were measured with quantitative PCR HCV RNA (Cobas Amplicor HCV Test version 2.0, Roche Diagnostics, Mannheim, detection: 50 IU/mL) and hepatitis C virus genotype detected (Linear Array HCV genotyping test, Roche Diagnostics) in Virology laboratory, Microbiology Department, Clinical Center of Serbia. Biochemical analysis of blood samples from the study group was performed using Siemens Dimension Xpand® biochemistry analyzer in the Centre for Medical Biochemistry, Department of the Clinic for Infectious and Tropical Diseases, Clinical Centre of Serbia. However biochemical data was not available in healthy control group due to confidentiality.

Control group included healthy 42 blood donors. Informed written consent for the molecular analyses was obtained from each participant. Control group was matched for gender with a study group. A 5ml Na-citrate tube of whole blood was obtained for each subject. All analyzed subjects were of Serbian origin. Molecular genetic analysis was performed at the Institute of Molecular Genetics and Genetic Engineering, University of Belgrade.

DNA was extracted from blood samples using the QIAamp® DNA Blood Mini Kit (Qiagen, Hilden, Germany). The number of TA repeats in *UGT1A1* promoter was genotyped as previously described with slight modifications ([@j_jomb-2018-0015_ref_019]). The amplification reaction was performed in a total volume of 25 μL, and the reaction mix contained 20 pmol of each primer, 50--100 ng of genomic DNA, 200 mmol/L of each dNTP (Fermentas, ON, Canada), 1× PCR reaction buffer (Qiagen), 1× Q solution (Qiagen), 2.75 mmol/L MgCl~2~, 1 U HotStar DNA polymerase (Qiagen). The temperature profile of the PCR reactions was for the initial activation of DNA polymerase set at 95 °C for 15 min, followed by 35 cycles of 30 sec denaturation at 95 °C, 30 sec annealing at 63 °C, and 30 sec elongation at 72 °C, ended by a final extension period of 7 min at 72 °C. PCR fragments were visualized on 2% agarose gel and finally analyzed using 15% acrylamide electro phoresis ([@j_jomb-2018-0015_ref_019]:1 acrylamide/bi sacryl amide in 1×TBE buffer, run at 300 V and 60 mA for 5h) stained with Ag-nitrate ([@j_jomb-2018-0015_ref_020]).

Statistical analysis was performed using Statistical Package for Social Sciences (SPSS®, version 11.5) and included both descriptive and analytical methods. Subjects were grouped and categorized according to the presence of three different genotypes (6/6 wild type, 6/7 heterozygote, 7/7 homozygote), depending on the number of TA repeats in the promoter region of UGT1A1 gene. Both parametric (Student's test) and nonparametric tests (c^2^, Kruskal Wallis, Fisher's exact test) were used, depending on the normality of variables. Linear regression and beta coefficient were also computed for the analysis of association. Values at the p 0.05 level were considered statistically significant, the confidence interval (CI) was 95% and all performed tests were 2-tailed.

Results {#j_jomb-2018-0015_s_003}
=======

Pretreatment and healthy blood donors {#j_jomb-2018-0015_s_003_s_001}
-------------------------------------

A total of 84 subjects were categorized in two groups- study group of 42 patients with CHC and control group of 42 healthy blood donors. In both groups, all subjects were Caucasians of similar ancestry and ethnicity (Serbian), with no significant differences in sex distribution (*[Table I](#j_jomb-2018-0015_tab_001){ref-type="table"}*). In the study group there were 24 (57.1%) male and 18 (42.9%) female, similar to healthy control group- 25 male (59.5%) and 17 (40.5%) female (p=0.825). How ever, there were significant differences regarding age, as the patients' group included older subjects (mean age 46.2±9 years) compared to the control group (33.9±14 years) with younger healthy subjects (p\<0.001).

###### 

Demographic data and UGT1A1 genotype frequencies in patients with chronic hepatitis C (n=42) and healthy control group (n=42).

  Variables                                                            CHC[^1^](#j_jomb-2018-0015_fn_001){ref-type="table-fn"} patients (n=42)   Healthy control (n=42)   p-value
  -------------------------------------------------------------------- ------------------------------------------------------------------------- ------------------------ ---------
  Sex, n(%)                                                                                                                                                               
  Female                                                               18 (42.9%)                                                                17 (40.5%)               0.825
  Male                                                                 24 (57.1%)                                                                25 (59.5%)               
  Age, (mean±years SD)                                                 46.2±9                                                                    33.9±14                  \<0.001
  Genotype, n(%)                                                                                                                                                          
  wild-type 6/6                                                        18 (42.9%)                                                                15 (35.7%)               0.49
  heterozygote 6/7                                                     14 (33.3%)                                                                20 (47.6%)               
  homozygote 7/7[^1^](#j_jomb-2018-0015_fn_002){ref-type="table-fn"}   10(23.8%)                                                                 7 (16.7%)                

CHC-chronic hepatitis C

UGT1A1\*28-Gilbert Syndrome

Frequencies of *UGT1A1* TA promoter genotypes are presented in *[Table I](#j_jomb-2018-0015_tab_001){ref-type="table"}* and 7/7 genotype was observed in 10 (23.8%) patients and 7 (16.7%) healthy controls, but there were no significant differences in genotype frequencies between the study group and healthy control group (p=0.49).

Further analysis of (pretreatment) characteristics of patients with CHC, including hepatitis C genotypes, viremia and the degree of fibrosis (METAVIR score), did not reveal any statistically significant differences in two patients' groups depending on the finding of *UGT1A1*\*28 genotype (*[Table II](#j_jomb-2018-0015_tab_002){ref-type="table"}*).

###### 

Baseline (pretreatment) characteristics of CHC patients (n=42) grouped according to the presence of *UGT1A1*\*28 genotype and association with hepatitis C virus genotypes, viremia the degree of fibrosis.

  Variables                                                                   homozygote 7/7[^1^](#j_jomb-2018-0015_fn_003){ref-type="table-fn"} (n=10)   wild-type and heterozygote(n=32) [^1^](#j_jomb-2018-0015_fn_004){ref-type="table-fn"}   p-value
  --------------------------------------------------------------------------- --------------------------------------------------------------------------- --------------------------------------------------------------------------------------- ---------
  HCV[^1^](#j_jomb-2018-0015_fn_005){ref-type="table-fn"} genotype, n (%)                                                                                                                                                                         
  G1                                                                          6 (60%)                                                                     22 (68.8%)                                                                              0.856
  G2                                                                          1 (10%)                                                                     2 (6.3%)                                                                                
  G3                                                                          3 (30%)                                                                     8(25%)                                                                                  
  HCV viral load (IU/mL)                                                                                                                                                                                                                          
  \<800.000                                                                   3 (30%)                                                                     11 (34.4%)                                                                              0.798
  \>800.000                                                                   7 (70%)                                                                     21(65.6%)                                                                               
  fibrosis stage[^1^](#j_jomb-2018-0015_fn_006){ref-type="table-fn"}, n (%)                                                                                                                                                                       
  F2                                                                          5 (50%)                                                                     13(40.6%)                                                                               0.501
  F3                                                                          1(10%)                                                                      9(28.1%)                                                                                
  F4                                                                          4(40%)                                                                      10(31.3%)                                                                               

F3 -- numerous septa without cirrhosis; F4 -- cirrhosis

UGT1A1\*28-Gilbert syndrome

wild type 6/6, heterozygote 6/7

HCV-hepatitis C virus

METAVIR score: F2 -- portal fibrosis with few septa

Patients with *UGT1A1*\*28 genotype had higher average values of total bilirubin (p=0.001) and lower values of ferritin (p=0.032), but there were no other significant differences in average values of other liver function tests: alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), total protein and albumin ([Table III)](#j_jomb-2018-0015_tab_003){ref-type="table"}. In-depth analysis of total bilirubin levels revealed that 6 (60%) of patients with *UGT1A1*\*28 genotype had hyperbilirubinemia above 17 mmol/L compared to only 2 (6.3%) of patients who did not have homozygous 7/7 genotype (p=0.001). Regression analysis of biochemical markers revealed a statistically significant association of ferritin (b=0.462, p=0.002) and bilirubin levels (b=0.542, p=0.001) with the presence of *UGT1A1*\*28 genotype.

###### 

Pretreatment mean values of relevant biochemical markers in patients with CHC grouped according to the presence of *UGT1A1\**28 genotype.

  Biochemical markers (mean±SD)   homozygote 7/7[^1^](#j_jomb-2018-0015_fn_007){ref-type="table-fn"} (n=10)   heterozygote and wild-type[^1^](#j_jomb-2018-0015_fn_008){ref-type="table-fn"} (n=32)   p-value
  ------------------------------- --------------------------------------------------------------------------- --------------------------------------------------------------------------------------- ---------
  AST (U/L)                       71.5 ± 57                                                                   65.4±38.4                                                                               0.703
  ALT (U/L)                       172.7±102                                                                   114.5±93                                                                                0.174
  GGT (U/L)                       58.7±69                                                                     67.3±70.9                                                                               0.796
  albumin (g/L)                   38±9.3                                                                      40±7.72                                                                                 0.339
  total (g/L) proteins            71.7±7.5                                                                    72.6±9.09                                                                               0.598
  ferritin (mg/mL)                66.1±63.2                                                                   184.09±163.3                                                                            0.032
  total (mmol/bilirubin L)        19.5±7                                                                      10.98±5.2                                                                               0.001

UGT1A1\*28-Gilbert syndrome

wild type 6/6, heterozygote 6/7

Treatment and follow-up of patients {#j_jomb-2018-0015_s_003_s_002}
-----------------------------------

After initial phase and during the antiviral treatment, none of the patients had severe ribavirin-related hemolysis and/or severe indirect hyperbilirubinemia, independently of the presence of *UGT1A1*\*28 genotype. However, 19 (45.2%) of patients had temporarily received reduced doses of interferon and 9 (21.4%) of ribavirin. Two patients (4.7%) had a temporary interruption of treatment, due to severe depression and endocrine abnormalities. These dose reductions and treatment interruptions were not related to the presence of *UGT1A1*\*28 genotype (p\>0.05) and did not affect treatment success, as all patients achieved SVR.

The follow-up period of patients, after achieving SVR ranged from 20 months to 11,3 years (mean was 66.9±37 months). Among the patients who responded to our invitation for reevaluation 14 (33.3%) had detectable viremia, and were considered late relapsers. There was no statistically significant correlation between the occurrence of relapse and presence of *UGT1A1*\*28 genotype (p=0.638). Eleven patients (26.2%) had progression of fibrosis verified by fibroscan, and 3 patients in this group had also a virological relapse (27.2%). There was a statistically significant correlation between levels of AST, ALT, GGT and detectable viremia with fibrosis progression (p\<0.05).

In patients with late virological relapse mean ALT values were higher (*[Table IV](#j_jomb-2018-0015_tab_004){ref-type="table"}*) compared to patients with stabile SVR (p=0.004) however, there was no statistically significant difference in platelet counts, or other biochemical markers such as AST, GGT, alpha-phetoprotein (AFP) or total bilirubin levels. During follow up period two patients developed decompensation of cirrhosis-with ascites, and one of them a concomitant surgically-resected hepatocellular carcinoma (HCC).

###### 

Relevant laboratory markers including biochemical, haematological and tumor markers in patients grouped according to the presence of detectable hepatitis C viremia in spite of achieving SVR.

  Laboratory markers (mean±SD)                                      late relapse (n=14)   stabile SVR[^1^](#j_jomb-2018-0015_fn_009){ref-type="table-fn"} (n=28)   p-value
  ----------------------------------------------------------------- --------------------- ------------------------------------------------------------------------ ---------
  AST (U/L)                                                         43.1±32               27.7±20.1                                                                0.076
  ALT (U/L)                                                         50.3±39.6             28.3±21.1                                                                0.004
  GGT (U/L)                                                         38.4±47.7             42.5±20.2                                                                0.754
  total (mmol/bilirubin L)                                          8.7±5.4               7.6±5.1                                                                  0.51
  AFP[^1^](#j_jomb-2018-0015_fn_010){ref-type="table-fn"} (ng/mL)   10.1±7.1              5.1±3.3                                                                  0.06
  Platelets (×109/L)                                                196±42.1              190±80                                                                   0.796

SVR-sustained virological responce

AFP-Alpha-fetoprotein

Discussion {#j_jomb-2018-0015_s_004}
==========

Gilbert syndrome is the most common genetic cause of hyperbilirubinemia, present worldwide in all ethnicites, with variable frequencies ([@j_jomb-2018-0015_ref_021], [@j_jomb-2018-0015_ref_022]). The cause of GS is *UGT1A1*\*28 genetic variant, which is also associated with abnormalities of hepatobiliary transport and additional linked variants (in 94% of GS) *UGT1A6*\*2 and *UGT1A7*\*3, resulting in reduction in enzyme UGT1A1 activity ([@j_jomb-2018-0015_ref_023]). So far in Serbia there has been no available data concerning the role of this genetic variant in any hepatic disease, especially in patients with severe liver damage. Our study group included patients with CHC with significant liver fibrosis (33% of patients had cirrhosis), as this particular group of patients is of the utmost interest in everyday clinical practice. They present a formidable therapeutic challenge with lower antiviral treatment success rates, higher risk for complications, HCC, loss of work productivity and reduction in health related quality of life ([@j_jomb-2018-0015_ref_024]). Our local success rates of antiviral treatment with pegylated interferon and ribavirin are among the higher- on average 79.7% of patients achieved end of treatment response (EOT) and 70.5% sustained virological response (SVR). This is probably due to younger age of patients, shorter duration of HCV infection, treatment naiveness, good compliance and antiviral drug dose adjustments ([@j_jomb-2018-0015_ref_025], [@j_jomb-2018-0015_ref_026]). Published data in Serbian patients show that older age-above 40 years, genotype 1b and presence of cirrhosis are negative predictors of SVR, similar to the results of other European investigators ([@j_jomb-2018-0015_ref_015], [@j_jomb-2018-0015_ref_027], [@j_jomb-2018-0015_ref_028]).

The frequency of *UGT1A1*\*28 genotype in this study was high in both groups- patients with CHC 23.8% and healthy blood donors 16.7%. These frequencies are among the highest of the published data in blood donors ranging from 5% in Iceland, 10% in Portugal, 11.6% in Spain, 15.3% in Croatia and especially compared to Southeast Asia, Melanesia, and the Pacific Islands, ranging from 0 to 5% ([@j_jomb-2018-0015_ref_005], [@j_jomb-2018-0015_ref_013], [@j_jomb-2018-0015_ref_029]). The recognized prevalence is probably much lower than the real frequencies of the mutations, making GS underdiagnosed, due to incomplete penetrance and other acquired or inherited conditions affecting bilirubin metabolism, which can also alter clinical manifestation ([@j_jomb-2018-0015_ref_030]). One of the specificities of our study population is its genetic homogeneity and similar ethnic background, which might account for differences compared to published data.

So far there have been very few studies analyzing *UGT1A1* promoter genotypes frequencies in patients with CHC. Urbanek P et al. ([@j_jomb-2018-0015_ref_031]) reported frequency of this genetic variant in 15.7% of patients with CHC, Souza et al. ([@j_jomb-2018-0015_ref_005]) 10.4% in a larger-scale patient study. However both of these studies had multi ethnic populations with very different genetic background.

Some studies have reported gender differences, especially in serum bilirubin levels, which are probably the result of hormonally induced discordance in bilirubin clearance ([@j_jomb-2018-0015_ref_032]). They do not appear to be caused by gender specific differences in the *UGT1A1*\*28 genotype frequencies ([@j_jomb-2018-0015_ref_033]). There is some data pointing to an association with age, body mass, ethanol consumption, smoking or oral contraceptive use ([@j_jomb-2018-0015_ref_034], [@j_jomb-2018-0015_ref_035]). However in our study there were no statistically significant gender differences in *UGT1A1*\*28 genotype frequencies in both study and control groups, but we observed that the healthy blood donors were younger than study group. This difference in age has no effect on results, as genetic variants are inherited and not related to age.

Our analysis did not reveal significant relationship between presence of *UGT1A1*\*28 genotype and hepatitis C virus related markers- baseline viral load or genotype, as well as associations with baseline liver histology and the degree of fibrosis related, similar to published data ([@j_jomb-2018-0015_ref_031]). This is probably due to the fact that liver fibrosis in chronic hepatitis C is multicausal, including genetically determined factors as well as oxidative stress, immune cell injury and apoptosis. Numerous factors that may explain the lack of association between degree of liver injury and examined *UGT1A1* genetic variants, such as the age of onset of hepatitis C infection and the duration of infection as well as insulin resistance, body mass index or environmental factors ([@j_jomb-2018-0015_ref_036]).

After pretreatment analysis of liver function tests and biochemical markers commonly used for diagnostic orientation in patients with CHC, we found significant associations of the bilirubin and ferritin levels with *UGT1A1*\*28 genotype, similar to results by Piekuse L. et al. ([@j_jomb-2018-0015_ref_037]) and de Souza et al. ([@j_jomb-2018-0015_ref_005]). Hyper bilirubinemia caused by reduced UGT1A1 activity in patients with hepatitis C has been documented in reports of severe ribavirin-induced jaundice, after com mencing pegylated interferon and ribavirin therapy, suggesting usefulness of genotyping for *UGT1A1*\*28 variant for the decision to continue therapy with ribavirin ([@j_jomb-2018-0015_ref_038]). Elevated bilirubin due to *UGT1A1*\*28 variant can be a cause for exclusion of patients from clinical trials, as well as overestimation of liver disease prognostic scores (Child-Pugh and Model for End Stage Liver Disease-MELD) ([@j_jomb-2018-0015_ref_039], [@j_jomb-2018-0015_ref_040]). Bilirubin levels have also been observed to correlate with the total number of TA repeats ([@j_jomb-2018-0015_ref_002], [@j_jomb-2018-0015_ref_005]). The observed association of *UGT1A1*\*28 allele with serum ferritin levels has been previously documented in few studies which included patients with CHC ([@j_jomb-2018-0015_ref_037]). Serum iron markers (ferritin and transferrin) are suggested as surrogate markers for liver fibrosis and necroinflammatory activity. Higher levels of ferritin have been linked to more severe liver inflammation, fibrosis and therefore lower response antiviral treatment rates ([@j_jomb-2018-0015_ref_041], [@j_jomb-2018-0015_ref_042]). According to our findings *UGT1A1*\*28 genotype was associated with lower ferritin levels, and although we found no association with degree of liver fibrosis, this may point to a group of patients with a better antiviral treatment response. However no statistically significant differences in mean values of liver function tests- transaminase levels, GGT, total proteins and albumin, or their associations with the presence of *UGT1A1*\*28 genotype were observed.

Multiple well studied pharmacogenetic risks associated with *UGT1A1*\*28 presence may prompt for different treatment options ([@j_jomb-2018-0015_ref_006], [@j_jomb-2018-0015_ref_007], [@j_jomb-2018-0015_ref_008], [@j_jomb-2018-0015_ref_009], [@j_jomb-2018-0015_ref_010]). In our study group, during antiviral treatment with pegylated interferon and ribavirin, we observed no episodes of severe hemolysis or high indirect hyperbilirubinemia, independent of the presence of *UGT1A1*\*28 genotype. However there have been published reports of individual cases of significant elevation of indirect bilirubin in patients with *UGT1A1*\*28 genotype during the initial phase of combined antiviral therapy, prompting for temporary ribavirin dose reduction, but without deterioration in liver function or effect on treatment outcome ([@j_jomb-2018-0015_ref_043]).

Although survival and complications are much improved in patients with successful treatment, there has been overwhelming evidence that in spite of achieving SVR, liver injury can persist and progress. As our patients had a severe baseline liver damage and were involved in a long term follow-up, we were particularly interested in host genetics factors influencing the clinical course and durability of SVR in relation to presence of *UGT1A1*\*28 genotype. Published data show that SVR appears durable in the majority of patients at 5 years post- treatment, driven mostly by an increased reinfection risk, with 5-year recurrence rates of 0.95%, 10.67%, and 15.02% in the low-risk, high-risk, and coinfection groups, respectively ([@j_jomb-2018-0015_ref_044]). There are no published data or involvement in any European monitoring systems of HCV infection in Serbia, as well as no long- term follow- up studies, except our clinical observations and patients feedback during a decade of regular check ups. Due to a selection bias and the fact that the patients who already knew of relapse were highly motivated to be reevaluated, the number of patients with late relapse in our study was exceptionally high -- we found detectable viremia in 5 new patients and had reconfirmed in 9 that were already known. However we did not observe statistically significant association between the presence of *UGT1A1*\*28 genotype and occurrence of relapse. As it is an inherited trait, the analysis would not be affected by selection bias, and although we found no significant correlation, these are the first results on this subject.

As this was a pilot study, main study limitations are the small sample size and the lack of data concerning biochemical tests in healthy control group. However the conclusions are similar to other authors with much larger samples, including the frequency of *UGT1A1*\*28 genotype, which is more geographically and ethnically specific for this study population and our region.

In the group of patients with late relapse, we had a response-bias, as most of the patients from this group had previously been evaluated and aware of relapse, so they were especially motivated to respond to our invitation for reevaluation. However, we were not able to exclude reinfection by RNA sequencing, except by retesting virus genotypes. Nevertheless, in this group we had no previous or active intravenous drug users, and the dominant mode of hepatitis C virus infection was through blood transfusion. We used non-invasive methods such as fibroscan and ultrasonography to monitor patients for progress of fibrosis and liver-related complications, as repeated liver biopsies are not ethically justified.

Further investigation is needed on host-related genetic factors and on more patients with hepatitis C, especially in the light of new treatment options that might be available in our country for patients with severe liver damage and hepatitis C relapse.
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